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Abstract,  Systems engineenng wis used 1o identify
peanut grading system needs, establish requirements,
and compare proposed solmions that meel consensus
specifications established by all indusiry segments.
Previous aticmpis to change the grading system were
tundered by difficulty i pemning all scgments o agree
on proposed chianges.  The systems  engineering
approach overcame this obstacle,  Four conceptul
designs that improve the currenl sysicm arg al varionus
stages of development and implementation.  These
improvements are:  high moisture foreign material
identification; mecasuring moisture during sampling;
measuring single kernel moisture, and grading larger
samples with an automated sample cleaning, shelling,
sizing, and data collection sysiem.  Fach of these
improvements help ensure consumer demands for
quality arc met while not unfairly burdening any one
segment of the peanut industry.

INTRODUCTION

Domestic and forcign consumer demands for food
quality inmtensily as consumers focus on polential
perceived or real quality problems, and as they expect
an increasingly wholesome and consistent food supply,
Peanuts are no exception.  Particularly, potential
quality problems such as aflmoxin, foreign material,
and ofl-llavor, threaten both expont and domestic
markets. Thus, qualily measurement procedures must
dccurakely rellect true qualuy of the lon markeled so
subsequent processing and handling results i only
high quality peanuis reaching consumers,  Bosides
determining value, quality measurements give the
seller wlormation on the  pgrowing, larvesting,
handling and storage practices that lead o 2 specilic
dqualily Iovel. “Fhe seller may use thas information o
adjust any of these practices 1o improve peanut quality
for narketing subsoquent lots, Ouality measurements
give the buyer mlormation so subsequent handling and
precessing results o peanuet products tel mect or
excocd conswmers’ quality expectations

The currenm grading svsiem for Bwmer marketed or

farmers”  stock  peanuts has remained caseninlly
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unchanged since the 1960 Requests o unprove the
syslem have  come  Trom peanut  industry
assaCiations as:  the Nationsl Peanut Council, which
incledes farmer, sheller, manufacturer, and regulatory
representatives, the Federal-Siate lnspection Service
(F5I3), which oversees peanut prading,  the Peanut
Grading  Working  Group,  which  mcludes
representatives of all sepments of the peanut industry
and provides direcuon and  critique  of  grading
rescarch; the Peamut Adminestrative Committee, which
administers the marketing agreement lor peanuts; and
fhe Southeastern Peanut Association, which includes
shellers  in the  southeastern  US. Suggested
inprovements  include: climinate  inspector
subjectivity, reduce labor required; reduce inspection
cosls; provide foreign material picce count and
idenufication by type, ensure sample accurately
represents the load; provide a system of premiums or
penalties based on grade factors to encourage proper
practices such as prowing, harvesting, storage, clc.:
and measure levels of naturally occurring or applied
chemicals.  All these chanpes are requested by the
peanut industry as part of their plan to address shont
and potential long term consumer concerns, while
reurning a fair profit to all segments of the peanut
mdustry

such

Description of the Current System.  Farmers' stock
and shelled stock peanuts are inspected under both
federal and  state supervision  (USDA,  1990),
Approxmucly 600,000 lots of peanuls are inspecicd
each vear at about 300 locations throughou the peanut
belt which siretches from Arizoma, to Florida, 1o
Virgmia  F515 employs abowt 2000 lemporary
inspectons o grade these lots during the harvest season
rom Angust 1o November.  Equipment uscd in the
wspeclion  process, and  inspectors' salaries  are
provided by the person buying the peanuts, The grade
quality factors are percentages o Torcipn material
(FA. debris such as sticks and rocks,  loosc shelled
kernels (LSK), kernels shelled by harvesting and
landiing before marketing,  moisture content (M)
sound  malure kernels (SME), undamaged  edible



Lernels: sonnd splits (55), edible kercls spla in half
during  shelling,  danuped  kernels (DR kernels
discolored by freczing, insccts, or molkds like A, Javis
other kernels (OF), small inedible kernels; hulls; extra
Larpe kernels (ELE), found only in Virginia type

peanuts, and fancy pods, large pods from Virginia -

peanuts only.

The farmers' stock prading process beging with
sampling 3 10 20 random locations within a 5 10 20 ton
lot using 2 pueumatic sampler, producing a 30 kg
gample. This sample is rilfle divided into lwo 1800 g
gamples. Rille dividing repeatcdly halves the sample
wntil the 1300 ¢ samples are obtained. One is praded
and the other held as a check. FM and LSK are
removed from the grade sample and percentage of cach
is determmed by hand  calculation.  Penalties are
ssseased for T wore ey 3%, and samples with morg
e 10499 must be funther cleamed belore markoting
LSE receive ol steck price which is about 1A of cdiblc
steck price. Whole pods from the cleaned sunple are
reduced 100 300 gram sub-sample whach is pre-sived
to improve shelling efficiency.  After shelling, the
kernels are sived on o screen shaker and sampled for
moisture content.  Moisture above 10.49%% requires the
lot to be further dricd and subsequently regraded,

Tn the siver, the kerncls arc scparated into three
fractions: kerncls which rde a 16/64 by 3/4 nch
slotted screen (+16'%); kernels which fall through the
sereen (-16'), and splic kerncls, The proporion af
each eategory is hand calculatied. The -16' are not
edible and veccive the lower oil stock price. The +16%
and the splits are visually inspected to determine the
percent of discolored, or damaged, kernels.  All
kernels, including LSK, are examined for visible A
Flavus (VATF) which is an indirect indication of
allatoxin, a suspected carcinogen.  Detection of A
Flavus on any kerned in the sample rejects the entine
lot. The Gurmer has the option of accepting ail stock
price for this lot or withholding it from market and
using the peanuts for seed or other non-food purpose.
Once prade. or percentage of edible and anedible
marlerial, 15 determined and the peanuts are purchased,
the 1ot is placed imto acrved storage and subscquentls
shiclled wod processed o edible producis or crushed
Lot valug is calculaed
from the geade percentages using a price charl, 33k,
55, LSK. (] value 1o the ot
excossive MO S5, FM and DR result in penalies

for oil, dependmyg on prode.

sl il whorcas

Probileins with the Cuecenl System, Bescuch and
industry experience shows orrors assoced with he
current pennul guality measurement ssstem. as witl
any commodity prading system, are due 1w sampling,
copuiprient, and Tmmman errors,. Inaccuracies can cose
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over or  under  pavinent o the scller,  aoproper
sepregation of the peamnt 1ol or inaccurie prade
informaion suppiicd o the bover,  Dowell (19492),
Dickens e al. (19%4), Davidson o al. (1990), and
Whitaker (1991 reported cocMicient of variation (CV)
values for all prade valucs. Some sampling error is
caused by the abrasive acton of the pneumatic sampler
shelling pods during the sampling process (Dickens,
1964 Davidson et al., 1994)). The kemnels from the
shelled pods are now classified as LK and the hulls
fram the shelled pods classified as FM.  Errors afier
sampling are from human and equipment errors,
These include:  siwing kernels, measuring moisture
(Dowell and Lamb, 1991), determining  damaged
kernels (Dowell, 19909, weasuring split kernel out-
wrns  (Davidson o1 al, 1990), and determining
aflioxin

The current Tarmers stock cleaner and  sheller
reguires considerable additional hand cleaning and
shelling from the inspector The feeding wechamsm of
the cleancr loses some din durning the ¢leaning process,
biasing the sample. Small pods fall through the sheller
grate, requiring hand shelling of these small pods.
Consequently some inspectors, especially when under
time presswre, may select only large pods o be shelled,
This reduces hand shelling and sample processing time
but biascs the sample.  Screens for the kemel sizer can
be oul of tolerance and shakers improperly set, causing
inaccurate large and small kernels counts,

The current system requires inspectors  hand
record and calculate grade factors, The allowable
tolerance, or amount of sample that can be lost, for
sample accountability is 5g, based on a 500 g sample
size. 1f this talerance is not satisfied when adding all
fractions of the geaded sample, regrading is required.
Dhie 1o tme conslrainis, some MSpectors may usc a
slightly larger sample size 10 ensure the wlerance is
et if some of the smuple is lost, however, this results
is an overestination of some grade factors.

Inabliy of the currenl grading  syslem 10
accurately detect aflatoxin has been targeted by several
industry scements  and  documenied by several
rescrchers (Dowell er al, 1992 Tem e al, 1989,
Dovidson et al, 1984, Dickens and Welty, 1969,
[mckens and  Saterwhae, 1971 National  Peanmud
Connctl, 1959 These rescarchers showed e currein
visal A Pheens method 15 subjectve and less accurals
thean chemical testing They showed 2 1o 30% ol tesied
lots acoepled conlainng
allcmosin, amel 1o 30 afl ested Tols were incorrect]y
repccted A more accurate test for aflagosin than the
Vol mcthod s necded.

Althneh the techmolopy exists o oanpeove e
vreching svsiom, any proposcd clanges must macl

wore ancarrectly while



spectiie rodustry regquureents mmcludomg.
labor, and aconracy. Perhaps the biggest obsiacle 1o
implementing any proposed change s the need Tor
approval from all scgments of the indusiry, from
farmers (o manufaciurers,  Any segrwnl can velo a
change if it might adversely allect them,  For this
reasan, § systems engmecring approach was used to
determine exactly what each industry sepment expected
from the grading system and what they were willing 10
pay or sacrifice lor grading system changes. Many
past cllorts to change the grading system have failed
primarily because at least one industry segment did not
have adequate input into the proposed change and felt
they would shoulder a disproporionaie cost for benelits
received. Tlug paper reports solutions which can be
incorporated 1o improve the peanut grading system
which adhere 1o the requirements esiablished by all
mdustiy segments wsing e syvstems  enginecring
appraach,

cosl, e,

GCRADING SYSTEM REQUIREMENTS

Determining exactly what cach indusiry sepment
expects from the pownnn grading system has been one
of the more difficult parts of this rescarch, In general,
industry members agree that grading must accurately
measure quality with mininal cost and within the time
constrainds  dictated by marketing  conditions.
Considerable  time  was  spent  inferviewing
representatives of all industry scpments to precisely
define terms like "accurately" and "minimal", and
reduce needs 1o specific measurable and mutually
agreeable requirements.  The performance (PERE),
utilization of resource (UVR), and trade-oll (100
requirements developed (o preciscly quantify these
terms are presenied below.

Performance Requirements. The proposed system
should be no less accurate than the cxisting system.
Coclhicient of Varistion (CV) (Steele and Torne, 1940)
will be used 1o compare accuracy. CV is the sample
standard deviation divided by its mean, More vasiation
Between swmples from the same Lot produce a higher
CVS smaller sampling, humian, and coupment errors
produce o smaller V. For o propesed solutien 1o be
acceptable, the OV should nol increse for any single
;:r:lrlv Factor o ]‘,||'i-;-,_'.-'|-:'-:| Dovevel ] (1997, Dickens ¢t
al (l9sdy Davidson oo ool ol apd Whinaker
(U all wepored GV o aboa 2o, 2o, 3020 25 |3,
A3 2O Tor BRI, LR, SRE SR SMEL S5, 0K,
DI, s Sfton, respectively

Thee complete simple processmy, e of the
proposcd system should be so slower than the present

svstene. From cleaming 1o Gl cornficae gereration,
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the presenl syslent Prisiesscs o sall e abour 2
nules, However, samples  are  slaged
throughout the grading system, a sample is compleled
about every 6 minues (Nabonal Peanut Conncil,
1990), The improved sysicm must compleie o sample
every O minutes or less 0 prevent slowing down the
harvesting and marketng process.

The system must not decrease inspector safety.
Levels of 0.5 micron dust particles in grading rooms
can not exceed 90,000 particles per minute (Dowell,
1989y, Aboul 41 grading selaled injurics occur per
vear with the present system, with an average claim of
about $1114. An acceplable new svstem must have
dust levels and injury costs below these levels,

whien

Utilization of Resources Requirements.  Resources
requured. such as money and personnel, should not
increase.  Current cquipment costs arcs  pnoumatic
sumpler - $30,000.  sample divider - $2000; sample
cleaner - $1300; pod presiaer - 12500 sample sheller
- S1o00] kemnel siver - 7000 kernel spliter - $2250;
HEHSIUES  INger 53150, scale - 512000 and
microscope - §525.  Equipment for a new system
should cost ne more than the equipment it replaces.

The proposed system should not require more
maintenance than the present system, Maintenance of
the present equipment cosis about S1000/yvear and
requires about 20 hours of service per year.

Depending on the state, the Tabor cost for
mspection is $4 to 35 per sample. The improved
system should not require a higher labor cost than the
present system, or more labor, or more highly skilled
labor. Currently there are about 300 buying points
cmploying about 2000 nspectors.  Any  proposed
system improvement should reduce the total number of
mspectors.  Mimmum cducation for inspectors 1s a
high school degrec.

The proposed system should reduce the number of
procedures prone to  inspeclor  ¢rror. Presently
ingpectors hand record 24 numbers and band calculate
14 percentages  per  sample Previous  rescarch
(Manonal Peanut Council, 1988} showed that 10% 1o
23% ol all grade cortificates (FV-93') have illegible
dita, ealoulation errors, or missing data, and 2% 10
17% of thess cawse a changee in dollar value of the
lod

The propased syvstem shoold aet reduce the edible
supply of peaimts throngh Giciors hke segreeating oo
niaey lots, wluch remases poants from the cdible
The percentapge of cach yvear's crop determined
widit for cdhbbe prodocts (SEG TH) varied Trom 0,
12 o2 | it covironmentsl
conditions

kgl

Sug

Rl ]
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Tradeolt! Reguirements, Teadeol? eequirements
alycctively PERE requircments of
competing concepts will be (mded ofT apainst /R
requircmemts, il one svslen scores better in PERF and
the other scores betier in UM, [n the peanut grading
system some of the PERF requirements are mandatory,
however, all of the U/ requirements can be traded off
against cach other. For example no proposed system
which decrcases inspector safcly will be accepted,
regardless of the benelits.  However, equipment costs,
ar olher costs or resources, can increase provided this
increase is offset by something ¢lse like a decrease in
maintenance cosl or an ingrease o value added to the
peanuts,  The (ollowing tradeol formola was used:
Overall score = ((PERF score + UYR score) + 2(PERF
score x W/ score))/d This formula penalizes
proposed solutions scoring exceptionallv well i one
arga but scoring poorly in olhers. A score of one
reflects an ideal svstene Any real svsiem will score
between 0 and 1

define how

Figures of Merit and Scoring Functions, The figures
of merit (FOMY for each  performance or TR
requirement were priovitized by the peanut andustry
resulling in the weights shown in Table 1. A score for
a FOM is a measure of how well cach proposed
solution performs for thay FOM and 15 calculated from
a seoring function, A score of O means a proposed
solution contributed nothing 1o that FOM, whereas a
scorc of 1 means the proposed solution did evenvihing
expected for that FOM. The scoring funclion describes
how the score changes for a given change in the FOM.
This meihed of evaluation allows objective comparison
ol different proposcd solutions and an overall score 1o
be computed. For eximple, the current grading svstem
SME CV is 1. 82% and, since the current system is the
Beachmark, 1t receves a score of 0.5, 10 a proposcd
system donbles sample sive, research shows the OV
redluces 1o 1, 458%,  Assuming a lincar relationship and
a score of 1 when OV @5 00 the proposed svslem CW
yields a score of 0,59, This score is weighted with the
second level weipln of G200 a1 ftem 11 in Table 1 and
combaned with other FOM scores ol other levels
Oiher sconng huchions, soch s sine Tunctions or
porml disiribtions, can be ased, b a snnele line

relitionshup was assomcd oo most ol thes waork

Systonn Test Regoivements. USIDA sinsicmns wers

consudicd whon developog the system test plan. Three
protmypes wall be o tested o the MNatoeal Pt
Research Laby (NPRLY for one hanest scason, Filis

samples o the low, mwedonn, and bigh ranges of ench
quality Gictor alfeceed by the proposed chanes sall be
tested. SIS boensed mspeorors will conduct all s

Additional lestine ey be o requised 00 the
variation  between crop vears s detenomed (o be
greater than vananons  found  within crop  years,
However, i regional weather patterns provide large
vitriations in crop quality, one years' data will sufTice,
Proposed changes may be approved for cach peanut
tvpe scparately.  Accuracy tests will be conducted by
collecting mulliple samples from one lot for CV
measurements. The remaining tests will be conducted
by obtaining samples from multiple lots. In both cases,
samples will be divided into four subsamples, one
subsample will be graded wsing the existing system and
the remaining 3 subsamples graded on each of the
three prototypes.

NOTS

PROPOSED SOLUTIONS

The PEREEF and UL requirements ¢stablished in
the previous sechion allow comparison of any proposed
improvements  te the  zrading  svslem Brief
descriptions of some poiential solutions {ollow. Table
2 hais the PEREF, WA, and T FOM scores for cach
canceplual design. Scores for cach component and
level are not given, but gencral comments on sirengihs
and weakness are made.

Existing System. Onc solotion is to not change
anything, but use the exisung prading systcm. The
T/ score (0.3354) of this system serves as a
benchmark that any proposcd solution must exceed.
The previous discussions describe the weaknesses of
the existing sysiem such as the inherent subjectivity,
cxcessive labor requircments, and sampling errors.
The cxisting sysiem sirenghs  include its use of
relatively unskilled workers, and Jow technolopy and
low CostL eduipnienl.

Improved  Sampling  Methods, The present
poncumatic sampling procedure coreates FM oand LSK
and does not obtein Fh larger than 3 in diameter.
Spout, nstead  of  pnowmatic,  sampling  removes
peanuls and FR O from material flowing past the
sampler anid collecis more of this large FM but requires
the Tood b conmveved 1o a holding bin or o another
trader, Chher sdvantages, such as cleaning the 1ot
durnng wmnsler. con be mcerporated to the spowt
[Fovidaon ot gl (1990 showel
reases the sumpling CV by sibout
3% tor sonee wade Deotons, thees the Performance FOM
seores decrease n l...'-'lrl'||:| prison Lo ||'|{! E'H;‘.\I."Il.l l{:{!{h‘[]!
iTable My cd o not compensate Tor the improved
lennlication o FAI

wednee

'-ZII'.!IiIIlII!‘.‘ |'I.'

SpRONEE w1 I|‘...::f! L H

PR oamd LSK percentages are
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closer o shelling plant outturns, bt not necessarily
better correlyied,

Damage  Doetection. Present damape  defectlion
procedures  require  inspectors  lo visibly  examine
kernels  for  damage. The proposed  solulion

incarporates scnsors inlo the inspection process, This
reduces  inspector  subjectivily but  increases  cosis.
Current technology dacs not provide an cconomically
viable solution at this time,

AMatoxin Testing, The current system identifies only
A, avus infected kernels. A conceplual design is
chemically testing all samples to remove inspector bias
and climinale subjective indirect testing.  Howover,
skilled [abor required, health risks, and equipment
costs all increase, bat aflitoxin fevels in edible peamns
should decrease. Despue advantages of chemical
testing, Benelins do oo outwergh costs. FDOA lowerning
of  allowable  allatesm dictate
inplemenationol this solaion,

levels  may fulure

Forcign Material Identification, The current system
weighs the total FM present and mnks the two most
prevalent wypes of FM, A proposed concepiual design
identifics particularly troublesome FM, such as hiph
moisture FM, and repons the respeclive amounis.
Identilying troublesome FM should reduce aflatoxin
formation in storape by improving acration  and
reducing high  moisture  concentrations bt will
increase cleaning  costs in order 1o remove  this
identificd FM. The PERF U/R and T/O FOM increass
slighilv for this potential improvement (Table 2).

Maisture Probe. Currently, about 10% of all grade
samples ase rejected for sale because of excess
moisture.  The proposed solution measurcs moisiure
contenl as 1he load is probed, mepsuring moisture
without cleaning and shelling the sample. This caoses
only lots with acceplable momsture o be groded and
results in more marketable trailers graded per day
Table 2 shows PERF benefits outeeigh the cost
imcrease of s probe,

Sinvle Kernel Moistore. This concophal desipn

meisires ndmvidual kernel morstares e addiiion o

mvernpe moestores, Loads wiil excessive simple kernel
mensiwres e identificd and doed Torher w redoce

allaioxin problems i stoee The addional quarhiny

oo guned offsers the cguipment costs

Increase  Sample Siee; Avtonnied  Cleaning,
:‘;IH'I'Iill;.:., amid Siemgs amd Automaged Dada

43|

Cuollection, Some  conceplual  designs dicde
additional improvemems.  For example, increasing
sample size requircs higher-capacity cquipmenl 1o
handle larger samples without slowing down grading,
The percentage calculiions are carrenily based on
5002 of cleaned pods and calculations can be done
quickly in the inspeclors’ head, A larger sample
dictates automated data collection and calculations.
This conceptual design processes a 1800 g sample from
cleaning through sizing in one step. Al pods fram the
1800 g sample are shelled resulling in a pod sample
size increase of about 300 percent. The larger pod
sample size reduces sampling error, which is the
largest component of total grading error (Dowell,
1992).  However, more peanuts are destroved by
grading a larger sample. The cleaning mechanism of
the comceptual desipn is more efficient than the present
Cleaner, reducing hand cleaning. Small unshelled pods
are recirculated through dilTerent sheller stipes unnl
all pods are shelled, reducimg hand shelling The
stang  mechamwsm reduces varialion in measunog
kernel size. ANl datn s collected on a computer
interfaced 1o the seales and the respective calculalions
are made. Equipment and sample cosls increase with
this conceptual design, bul  errors  and  labor
requirements decrease and olfsct any cost increase.

Combined System. Four proposed solutions resulted
in scores exceeding the present system,  These four
solutions are: foreign matenial identification; maoisture
prabe: single kernel moisture; and automated cleaning
shelling, sizing, data collection and increased sample
size. Il these solutions are implemented together, the
resulting scores offer the highest PERF and T/O scores
of any proposed solution,

IMPLEMENTATION, SUPPORT, AND FUTURE
CIHANGES

The evaluntion of the propesed solutions served to
focus peannt grading rescarch towards those arcas
scoring higher than the current systean. Following 15 a
sumpary of progress lowards incorporating the four
hrghest scorng conceplual designs
Lnplementation,  hose conceptl designs watly “1/0
seores erepter than the cvsting, svsiem are s viinous
g ly
mistslure FRE wdenteficanon was implanentied during
the Several manstere probes are
betng mvestipingd s el testiny s planmed lor the
V993 lorvest season. The single kernel mosture meter
Lavs been ekt wested for several vears and final changes

AL

of developioent and  implemenision

PO D oSt sespsoil



are being wade o the conpuercial protolvpe. Changes
i the harketng Aprccmenl Tor poanuts are being
considered by the Peanut Admimstrative Commitics 1o
require single kernel moistures be measure on all lots.

A commercial prototype of the automated data
collection system was developed through a cooperative
research and development agreement and the syslem
has been approved by FSIS. This system is currently
marketed by an cquipment manulacturer. A laboratory
prototype of the automated sample cleaning, shelling,
and sizing systcm was developed and tested using
samples from the 1992 harvest scason. A commercial
prototvpe of this mutomated system is being developed
by an equipment manufacturer through a cooperative
rescarch and development agreement. Ficld westing of
the commercial prototype 15 planned for the 1993
harvest scason

Support, The autongted doatn collecuon svstem will be
supponed and serviced by the equipmanm mpnulfhorer
Al othgr cquipment will be supponed and sorviced b
Fals as part of their manmdeninee network currently in
place for their existing cquipment,

Modifications, Retirement, and  Replacement.
Consumer and industry demands continually change as
preferences change and crises arise, thus on-going
changes to any proposed system will be requesied,
Currently, requests for grading  system  changes
requiring rescarch are conveyed 1o the Agricultural
Rescarch Service (ARS) through regolar meelings of
the Peanut Grading Working Group, or through
appropriate administrative personnel. ARS  will
continug o respond 1o needs 1o modify, retire, or
replace the improved swstem as they arise,.  The
principles omlined in this paper will be used two
idenuly, priontize, and address any requests.
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Table 1. Weights for performance and wilization of resources figures of merit. Weights for each
calegory in a given level add (o 1.0,

Weights at Fach Level
1st 2nd drd 4th
Owerall Perl, Figure ol Meril
1. Provide Accurate Grade Information 0.40
1.1 SME Accuracy 0.20
1.2 AT, DK Accuracy 0.15 cal
.21 DE weipght by Type 0.10
1.2.1.1 [reeze; fungal DK 030 ea
1.2.1.2 insect, curing, concealed, other 0.10 ea
1.2.2 Detect Presence of DK 0.30
1.2.2.1 froeze; fungal DK 030 ca
1.2.2.2 insect, curing, concealed, other O ea
1.2.3 Total DR Weight .60
L3 FB Accuracy o
31 FM Prece Cown (140
A1 ot grass johnson grass (40 ea
At anicks: rocks: sherking: glass; dim o eic 0] ea
3.2 Fd Weaghn by Type I
1320 dnt 080
1.3.2.2 sticks; rocks; gherking, glass, dirt, corn, ele. 001 ea
[.3.3 FM Towal Weight 0.20
1.3.4 Detect Presence of FM 0,30
1.3.4.1 high mosture FM {4 types); metal; glass; 1z, rocks 010 ea
1.3.4.2 nutgrass; johnson grass, corn; wood 0.05ea
1.3.4.3 sticks; rocks; dirt; cic. 0.01 ea
1.4 LSK, MC Accurzcy 010 eca
L.4.1 MC Average 0.60
1,42 MC Ranpe 0.30
1.4.3 MC Zone 010
1.5 55; Pesucide BEesidue 005 en
[.5.1 Lasso 0.35
[.5.2 Temik 0.5
L.5.3 Evlar, Total Use by Type 015 ca
1.5.4 Onher 010
L6 OR; Hulls; ELES Fancy, Peanut Type 0402 e
2. Farmers' Stock Price Accuracy 0
3. Return Trailers Ouickly; Safety 015 en
3.1 Dust, ingurics 0.3 ca
12 Missed Days, & Appoiniments Ut en
4. Beluble, Dependable By i 10k
31 Avalabaliny U4
1.2 Rehabaliny 130
20 A Time Down i1
522 # Tomes Svatem Down; Moo, Tone i1 300 en

b3 Btz baliny It

1.3
[.3

433



Table 1 {(Continuad), Weights for performance and uliization of resources figures of merit. Weights for
each category in a given level add to 1.0,

Weights at Each Level

1st ol drd 4th
Overall UR Fipure of Meril .

L. lncrease Prolis .60

1.1 Farmer's Profits; Syvstem Prolits 0.50 ea
2. Maintain or Reduce Costs 0.10

2.1 Inspection Bq. Costs 0.40

2.2 Equipmient Maiot. Costs; Op. Costs 030 ¢ea
3. User Friendlingss 010

3.1 Train Time; # Regrades,

Corr. Time, Entry; # Personnel 0,20 ea

4, Maintain Peamul Supply; Labor Pool 010 ea

4.1 Average Time Positions Vacant 040
L2 ol Vacaneies, Man-haors gpent 030 ¢a

= ammEr— = s im e

TThe weishls are for cacl figure of meri listed.

Table 2. Trade-Off T/, Performance (PERF), and Utilzation of Resouwrces (LWRE) ligures of merit
(FOM) scares for various proposed peanut grading syslem conceplual designs (ordered by T/O score).

Conceptual PERF U/R TiO

Design Scare Score Score

1. Spout Sampling 0407616 0.50 0.128808
2. Objective Damage Detection 0.4208 0.4971032 0.33406631
3. Measure Allatoxin 4499 04690084 0.33523054
4. Current System 0.4208 0.50 0.3354

5. Forcipgn Matcrial 1D 0425 050003639 0.33751683
G, Mosture Prabe 04283 049843474 0.33842351

7.Single Kernel Moisture 0.4288 0 AYIS22E 033895988
A Automated Cleaning,
Shelling, Spang: Awtomeated
Dtz Collection, and Tnerease
Samplc Sive 3.177432 0.502303 036493974
9 Designs 3-8 Combined 049732 0. 50002746 0373537969
BIOGRAPHIES Engincering experience. He recoved a BS. from
Diresel Uwversity and an M5 from Pennsvlvania
Flovd E. Dowell, Lesd  scientist, Arricultural Slate Universaly.
Enpincer,  responsible for automabing the peana Cluncles 1o Mever, Computer specialist, works with
gradiog svstem e 19850 He received a BS o EXTIRA and TESTOP modols, and leads a S-agenc
WS Tronn Okbahom Sene Uneversiy and Pl from Loz bo opli e and reprogram the WEPP soil erosion
the Uneversity of s model. He recenved o BS and MOS0 Teom Deli Stte

Richard P Koostoonee,  Lesd sciennst, Chenncal

Fogoecer,  with 200 wvears o Food

Lheversaty

Procossom,
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